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[57] ABSTRACT

For any selected total number of scanning heads and a
required minimum spacing between the scanning heads,
the scanning heads are arranged in one or more arrays
to read or write substantially parallel lines on a medium
or surface at closer distances than the center to center
distance of adjacent scanning heads in the indexing
direction. The scanning heads in any array do not have
to be spaced uniform distances from each other. When
the scanning heads are arranged in more than one array,
each of the arrays is spaced an arbitrary distance from
the adjacent array in the pass direction. To arrange the
scanning heads for interlace scanning, they are initially
arranged in a single line in the indexing direction with
their centers spaced from each other the same distance
as the centers of the parallel lines, which are being read
or written. Then, some of the scanning heads are shifted
in at least one of the pass and indexing directions with
any shifting in the indexing direction being a pitch dis-
tance or a multiple thereof.

- 14 Claims, 7 Drawing Figures
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APPARATUS FOR ARRANGING SCANNING
HEADS FOR INTERLACING

In reading and/or writing of recorded information by
scanning heads such as magnetic heads, optical heads,
ink jet nozzles, wire printers, and thermal printers, for
example, the lines of information can be placed closer
together on a recording medium or surface than the
centers of the scanning heads can be placed relative to
each other because of the size of the scanning heads.
Therefore, if the recorded information is written with
the same spacing as the scanning heads, a large area of
the recording medium cannot be effectively utilized. It
1s desired to be able to utilize the entire area of the
recording medium to reduce the cost.

Accordingly, in an ink jet printing apparatus, for
example, it is desired for each of the ink jet droplet
streams to strike the recording medium so that adjacent

lines abut each other. This enables characters to be 20

formed through selecting which of the droplets of each
of the streams strike the recording medium.

To obtain quality print, the droplets must be small.
However, the nozzles cannot be physically arranged in

a single line in an indexing direction at the small dis-
tances required for the relatively small droplets. There-
fore, it has been necessary to arrange the nozzles so that
they will print each line in abutting relation but these
abutting lines will not necessarily be produced by adja-
cent nozzles. |

In an 1nk jet printing apparatus, relative motion be-
tween the recording medium and the nozzles causes
consecutive droplets to strike the recording medium in
abutting posmons and form parallel lines. This relatwe
movement is in a print pass direction.

To obtain the parallel printed lines in abutting rela-
tion to achieve complete coverage of the recording
medium in which the nozzles do not produce all of the
parallel printed lines on the recording medium during
one print pass, there must be relative motion between
the recording medium and the nozzles in a direction
substantially orthogonal to the prlnt pass direction to
produce each of the lines by usmg the same nozzles
again. This relative movement is in the indexing direc-
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tion. Relative motion in the indexing direction causes 45

movement for a pitch distance, which is the product of
the total number of the nozzles and the desired distance
between the centers of the abutting printed lines.

To achieve complete coverage of the recording me-
dium by the abuttmg printed lines, there must be inter-
lacing. That is, the arrangement of the nozzles must be
selected along with the pitch distance so that each of the
nozzles produces a separate printed line and there is no
omission of a printed line or double coverage of the
same printed line.

One arrangement for producing interlacing is shown
and described in U.S. Pat. No. 4,069,486 to Fox in
which the ink jet nozzles are required to be disposed in
a single array and uniformly spaced from each other.
The aforesaid Fox patent requires the nozzles to be
spaced a distance equal to the product of the distance
between the centers of adjacent lines, which is the scan
line resolution, and an integer constant with the quo-
tient of the integer constant and the total number of
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nozzles being an irreducible fraction. The aforesaid Fox 65

- patent also requires there to be simultaneous movement
in both the print pass and indexing directions. Thus, the
aforesaid Fox patent requires a specific relationship

2

between the number of the nozzles and the spacing
between the nozzles, all of the nozzles being in a single
array and unifOrmly spaced from each other, and simul-
taneous movement in both the print pass and indexing
directions. | -

Another arrangement for producing interlacing with
Ink jet nozzles is shown and described in Reissue Pat.
No. 28,219 to Taylor et al. In the aforesaid Taylor et al,

patent, interlace printing is obtained through providing

a plurality of arrays with each of the arrays having the
nozzles arranged in the same configuration and the
nozzles covering the entire recording medium in a sin-
gle pass of the ink jet nozzles relative to the recording
medium. Thus, the apparatus of the aforesaid Taylor et
al patent requires the nozzles to cover the entire record-
ing medium so that printing occurs in a single pass.
Therefore, Taylor et al is not capable of utilizing rela-
tive movement in the indexing direction between the
nozzles and the recording medium but has only move-
ment of the recording medium in the print pass direc-
tton relative to the nozzles.

Another suitable arrangement for producing interlac-
ing is shown and described in U.S. Pat. No. 4,063,254 to
Fox et al. The aforesaid Fox et al patent shows a rotat-
ing drum with the arrays of nozzles moving longitudi-
nally along the drum as the drum rotates. The aforesaid
Fox et al patent requires uniform spacing of the nozzles
in each of a plurality of parallel arrays with each array
having the same number of nozzles and the nozzles
being spaced a distance equal to the product of the
distance between the centers of adjacent lines, which is

‘the scan line resolution, and an integer constant with the

quotient of the integer constant and the total number of
nozzles being an irreducible fraction. The aforesaid Fox
et al patent also requires there to be simultaneous move-
ment in. both the print pass and 1ndex1ng directions.
Thus, the aforesaid Fox et al patent requires a specific
relationship between the number of nozzles and the
spacing between the nozzles, the nozzles being in a
plurality of parallel arrays with the nozzles in each of
the arrays being uniformly spaced from each other, and
simultaneous movement in both the print pass and in-
dexing directions. This is a relatively complex arrange-
ment.

The present invention obtains interlacing without
requiring that there be a specific relationship between
the number of nozzles and the spacing between the
nozzles, that there be uniform spacing between the
nozzles, that there be only a single array or only a plu-
rality of arrays with the same number of nozzles in each
array, that a plurality of arrays having no movement in
the indexing direction, or that a compex mechanism be
used. The present invention also does not require that
the droplets from a nozzle be on a spiral or helix on the
recording medium. Thus, the apparatus of the present
invention provides an arrangement for interlacing irre-
spective of the number of nozzles and the required
spacing between the nozzles.

Therefore, with the apparatus of the present inven-
tion, a configuration of one or more arrays is sclected to
produce interlacing in accordance with the desired
number of nozzles and the minimum spacing between
nozzles. Thus, there is no specific requirement for the
nozzles to be arranged in a certain number of arrays, the
same number of nozzles to be in each array, or that
there be more than one array.

With the present invention, interlacing also can occur
irrespective of the manner in which the lines are pro-
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duced on the recording medium. That is, the lines can
be produced by the nozzles having relative motion with
respect to the recordmg medium, which may be flat or
curved, for example, in a print pass direction and then
the recording medium being indexed a pitch distance

prlor to another sweep of the nozzles across the record-

ing medium. Thus, the apparatus of the present inven-
tion is not dependent upon the type of printing mode.
The present invention accomplishes interlacing

through initially disposing the total number of nozzles
in a single line in the indexing direction, which is the
direction in which there is relative motion between the
recording medium and the nozzles after lines have been
 printed by relative movement between the recording
medium and the nozzles in the print pass direction.
Then, various nozzles are shifted in at least one of the
print pass and indexing directions with the shifting in
the indexing direction being a pitch dlstance or a multi-
ple of the pitch distance.

In the preferred embodiment, the initial disposition of
the total number of the nozzles in the single line in the
indexing direction is with the adjacent nozzles having
their centers spaced the distance between the centers of
adjacent printed lines; this distance is the scan line reso-

lution. To separate the nozzles so that they are spaced at
“least the minimum necessary distance because of their
structural configuration, the nozzles are divided into
disjoint subsets (A disjoint subset does not contain a
nozzle in any other disjoint subset.) of nozzles with the
total number of subsets being greater than one and no
greater than the total number of nozzles.

At least one array is then formed with each array
containing at least one of the subsets of the nozzles.
Each of the subsets has any nozzle therein in the same
relative position to any other nozzle in the subset as the
nozzles of the subset initially occupied in the single line
in the indexing direction. Any additional subset in an
array 1s positioned with respect to a first subset in the
same array so that each nozzle in the subset is disposed
from 1its position in the single line a distance in the index-
ing direction equal to the pitch distance or a multiple
thereof. After disposing one of the arrays at a selected
position, any remaining array is positioned relative to
the disposed array an arbitrary distance in the print pass
direction greater than the minimum spacing required
between nozzles.

- An object of this invention is to arrange scanning
heads to obtain interlacing durlng scanmng of the me-
dium.

Another object of this invention is to record abutting
lines on a recording medium by recording elements in
which the centers of the abutting lines are closer to-
gether than the centers of the recording elements with-
out any significant loss of resolutlen of the recorded
information or throughput.

A further object of this invention is to arrange noz-
zles of an ink jet apparatus to obtain interlacing.

Still another object of this invention 1s to print abut-
ting lines by ink jet nozzles in which the centers of the
abutting lines are closer together than the centers of the
nozzles without any significant loss of print resolutlon
or throughput. |

The foregoing and other objects, features, and advan-
tages of the invention will be apparent from the follow-
ing more particular description of preferred embodi-
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ments of the invention as illustrated in the accompany-

ing drawings.
In the drawings:

4
" FIG. 1 is a schematic diagram of an ink jet printing
apparatus having its nozzles arranged according to the
present invention to produce interlacing.
FIG. 2 1s a schematic diagram showing the arrange-

ment of nozzles into disjoint subsets and then being

disposed in a single array.

FIG. 3 is a schematic diagram showrng the prmted
lines produced by the array of FIG. 2. |

FIG. 4 is a schematic diagram showing the nozzles

being arranged 1n dlS_]Oll‘lt subsets and then in two recon-
stituted arrays

FIG. 5 is a schematic dlagram showing the nozzles
belng arranged in a plurality of arrays after first being
formed into bands with the bands then being arranged
relative to each other. o

FIG. 6 is a schematic diagram showing another em-
bodiment of the nozzles arranged in accordance with
the present Invention.

FIG. 7 1s a schematic dragram shewmg a further
modification of the nozzles arranged in accordance
with the present invention.

Referrmg to the drawmgs and partlcularly FIG. 1,
there 1s shown a reservoir 10 of ink supplied to a pump
11. The pump 11 is connected through a valve 12,
which 1s opened at the start of a cycle, to an ink cavity
14 in an ink jet head 15 to supply ink under pressure to
the ink cavity 14. The ink jet head 135 includes a piezo-
electric crystal transducer 16, which applies a predeter-
mined perturbation frequency to the pressurlzed ink
within the ink cavity 14.

The ink jet head 15 has a plurallty of nozzles 17 (one
shown in FIG. 1) with an ink jet stream 18 flowing from
each of the nozzles 17. Each of the streams 18 -flows
from the nozzle 17 through a charge electrode 19.

Each of the streams 18 breaks up into droplets 20 at a
predetermined break-off point, which is within the
charge electrode 19. Thus, each of the droplets 20 can
be charged or have no charge depending on whether a
voltage is applied to the charge electrode 19 when the
droplet 20 breaks off. |

The droplets 20 move along a predetermlned path
from the charge electrode 19 to pass through deflection
plates 21. If there is no charge on one of the droplets 20,
the path of the non-charged droplet 20 is altered as it
passes through the deflection plates 21 so that the non-
charged droplet 20 strikes a recording medium 22 such
as paper, for example, on a flat support 23. If the droplet
20 has been charged for non-printing, the deflection
plates 21 deflect the charged droplet 20 so that it will
not strike the recording medium 22 but be deposited in

‘a gutter 24.

By arranging the nozzles 17 in accordance with the
present invention, the recording medium 22 will have

abutting printed lines even though the distance between

the centers of the printed lines is less than the distance
between the centers of any of the nozzles 17. The noz-
zles 17 may be arranged in various configurations in
accordance with the present invention.

Referring to FIG. 2, there are shown eleven of the 17,
identified as nozzles N-1 to N-11, with each having its
center spaced a distance d from the adjacent nozzle.
The distance d 1s the distance between the centers of
printed lines on the recording medium 22. It will be
assumed that the centers of any of the nozzles N-1 to
N-11 must be spaced a distance of 3d from the center of
any adjacent nozzle because of manufacturing limita-
tions. |
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In accordance with the present invention, the nozzles
N-1 to N-11 must be initially arranged in what is known
as a standard array or arrangement with the centers of
the nozzles N-1 to N-11 being spaced from each other
the distance d in the indexing direction. The indexing
direction is the direction in which there is relative mo-
tion between the recording medium 22 and the nozzles
N-1 to N-11 substantially orthogonal to the print pass
direction. A print pass is relative motion of the nozzles
N-1 to N-11 with respect to the recording medium 22 or
vice versa to print lines on the recording medium 22.

The pitch distance, P, is in the indexing direction and
1s equal to N7d where N7is the total number of nozzles.
Thus, in FIG. 2, Nr=11 so that the pitch distance, P, is
11d.

The nozzles N-1 to N-11 are divided arbitrarily into
three subsets S-1, S-2, and S-3. Each of the subsets S-1,
S-2, and S-3 has none of the adjacent nozzles N-1 to
N-11 therein. Furthermore, since the centers of the
nozzles N-1 to N-11 cannot be spaced closer to each
other than 3d because of manufacturing limitations, it is
necessary for the nozzles in any of the subsets S-1, S-2,
and 5-3 to have the centers of the nozzles therein spaced
at least 3d from each other. |

As shown in FIG. 2, the subset S-1 contains the N-1,
N-4, N-7, and N-10 nozzles whereby the centers of

these nozzles are spaced a distance of 34 in the indexing
‘direction from each other. The subset S-2 has the noz-
zles N-2, N-§, N-8, and N-11 with each of these having
its center spaced a distance of 34 in the indexing direc-
tion from the center of any adjacent nozzle. The subset
S-3 contains the N-3, N-6, and N-9 nozzles with each of
these nozzles having its center spaced a distance of 3d in
the indexing direction from the center of the adjacent
nozzle.

After the nozzles N-1 to N-11 have been divided into
the three subsets S-1, S-2, and S-3, they are positioned to
form one or more arrays. As shown in FIG. 2, the sub-
sets S-1, S-2, and S-3 are formed in a single array. It is
necessary for each of the nozzles of the second subset
S-2 to be positioned a distance of P in the indexing
direction from its position in the standard array. When
this occurs, the N-2 nozzle, for example, is disposed a
distance of 34 from the nozzle N-10 of the subset S-1.

The subset S-2 is disposed so that each of its nozzles
is at a distance of 2P in the indexing direction from its
position in the standard array. Thus, for example, the
nozzle N-3 is disposed a distance of 2P from its disposi-
tion in the standard array whereby it is disposed a dis-
tance of 3d from the nozzle N-11 of the subset S-2.

Accordingly, when the subsets S-1, S-2, and S-3 are
arranged as shown in FIG. 2, they will produce the
printed lines shown in FIG. 3. All of the printed lines
would extend for the same distance in the print pass
direction in FIG. 3 but each print pass is shown as 2
different length for clarity purposes.

Thus, during the first print pass, each of the nozzles
N-1 to N-11 prints but the printed lines are spaced a
distance 3d from each other rather than the desired
~distance of d. These are the shortest printed lines in
FIG. 3.

Then, the nozzle array is indexed a distance of P, and
the eleven nozzles N-1 to N-11 again move in the print
pass direction. While each of the printed lines produced
by the second pass in the print pass direction is again
spaced 3d from each other, some of these lines are
spaced only a distance of d from some of the lines

4,232,324
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- printed in the prior print pass. These lines are shown as

the second shortest lines in FIG. 3.
Then, the nozzles N-1 to N-11 are again moved a

- distance of P in the indexing direction. During the next
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print pass, the printed lines, produced by this print pass,
are again spaced a distance of 3d from each other with
these being the next to longest lines in FIG. 3. How-
ever, the third print pass causes interlacing so that all of
the lines produced during the third print pass interlace
with lines produced during the first and second print
passes. For example, the line produced by the nozzle
N-11 1n the first print pass is disposed between the line
produced by the nozzle N-10 in the second print pass
and the line produced by the nozzle N-1 in the third
print pass and in abutting relation with each. (For clar-
ity purposes, the printed lines are shown spaced from
each other.) The centers of each of these printed lines
are only a distance of d apart so that there is interlacing
when the third print pass occurs.

Interlacing continues as the nozzles N-1 to N-11 are
indexed a distance of P in the indexing direction at the

end of each print pass. This continues until printing
stops. The printed lines produced during the final two
print passes also do not always interlace but some of
them do. Thus, the lines produced by the nozzles N-3,
N-6, and N-9 of the subset S-3 do not have interlacing
during each of the final two print passes. In the last print
pass, the nozzles N-2, N-§, N-8, and N-11 of the subset
S-2 do not interlace.

Therefore, from FIG. 3 in which there are a total of
four print passes being shown, the nozzles N-3, N-6, and
N-9 of the subset S-3 produce usable printed lines dur-
ing the first two print passes in which there is interlac-
ing with printed lines later produced. The nozzles N-2,
N-5, N-8, and N-11 produced interlacing printed lines
during the second and third print passes. The nozzles
N-1, N-4, N-7, and N-10 of the subset S-1 produce inter-
lacing printed lines during the last two print passes with
the nozzles N-10 also producing the printed line during
its second print pass that is the start of interlacmg

While the above described method depicted in the
example of FIG. 2 produces a single array with uniform
spacing of nozzles, it need not necessarily do so. For
example, if the spacing between nozzles can be as close
as 2d rather than 3d, the nozzles N-5 and N-6, for exam-
ple, could be interchanged in the subsets S-2 and S-3.
The result would be a non-uniform spacing of the noz-
zles 1n the array, but the array would still interlace. The
specific constraints under which a single array will
interlace with uniform spacing of nozzles is the subject
of the aforesaid Fox patent. The aforesaid Fox patent
does not teach selecting a nozzle arrangement whereby
an interlacing array of nozzles may be achieved irre-
spective of the number of nozzles and the minimum
spacing required.

Instead of forming the subsets S-1, S-2, and S-3 as a
single array, each of the subsets S-1, S-2, and S-3 could
be formed as a separate array with each of the subsets
S-2 and S-3 being spaced an arbitrary distance in the
print pass direction from the subset S-1. These three
arrays of the nozzles N-1 to N-11 would produce
printed lines in which portions of the lines on each side
would have to be discarded because they never abut
other printed lines. That is, the nozzles N-1, N-4, N-7,
and N-10 of the subset S-1 would produce printed lines
prior to those produced by the nozzles of each of the
subsets S5-2 and S-3 with these printed lines terminating
prior to those produced by the nozzles of each of the
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subsets S-2 and S-3 due to their locations in the print
pass direction. Therefore, it would be necessary to uti-
lize a lesser amount of each printed line in the print pass
direction. However, there would be interlacing from
the initial print pass of all of the nozzles of the subsets
S-1, S-2, and S-3 with this arrangement.

Referring to FIG. 4, there are shown twelve of the
17, identified as nozzles N-12 to N-23, arranged in a
single line in the indexing direction with the center of
each of the nozzles being spaced a distance of d from an
adjacent nozzle to form the standard array or arrange-
ment. The pitch distance, P, in the indexing direction 1s
12d since N7is 12.

The nozzles N-12 to N-23 are divided into four sub-
sets S-4, S-5, S-6 and S-7 as shown in FIG. 4. The subset
S-4 contains the N-13, N-16, and N-18 nozzles, the sub-
set S-5 has the N-12, N-20, and N-22 nozzles, the subset
S-6 contains the N-14, N-19, and N-21 nozzles, and the
subset S-7 has the N-15, N-17, and N-23 nozzles.

Two arrays A-1 and A-2 are formed from the four
subsets. The array A-1 contains the subsets S-4, S-5, and
S-6 while the array A-2 has only the single subset S-7.

Each of the subsets S-S5 and S-7 is shown disposed
with each of its nozzles at the distance of P from its
position in the standard array. The subset S-6 is shown
as having each of its nozzles disposed a distance of 3P
from its position In the standard array.

FIG. 4 1s merely an example of how the nozzles could
be divided. This will produce interlacing of the lines
even though the nozzles are not spaced from each other
in the same subset any specific distance. The nozzles in
the same subset are spaced from each other at least a
distance of 24 so that no subset has adjacent nozzles.

Referring to FIG. 5, there are shown twelve of the
nozzles 17, identified as N-25 to N-36, arranged in a
single line in the indexing direction with each of the
nozzles having its center spaced the distance of d from
the center of an adjacent nozzle. The nozzles N-25 to
N-36 are divided into a number of bands equal to N7/M
where M is the number of arrays and N7 has been previ-
ously defined. With N7=12 and it being desired to have
the nozzles N-25 to N-36 arranged in three arrays A-3,
- A-4, and A-5 with each of the arrays A-3 to A-5 having
the same number of nozzles, the nozzles N-25 to N-36
will be divided into four bands B-1, B-2, B-3, and B-4.
Thus, the number of the nozzles in each of the bands B-1
to B-4 1s equal to the number of the arrays so that there
are three of the nozzles N-25 to N-36 in each of the
bands B-1 to B-4.

Each of the bands B-1 to B-4 must contain the same
number of the nozzles with the nozzles in each of the
bands B-1 to B-4 having the same spacing therebetween.
Each of the bands B-1 to B-4 must contain adjacent
nozzles in the single line in the indexing direction.
Therefore, the band B-1 has the nozzles N-25, N-26, and
N-27, the band B-2 has the nozzles N-28, N-29, and
N-30, the band B-3 has the nozzles N-31, N-32, and
N-33, and the band B-4 has the nozzles N-34, N-35, and
N-36. |

Only one of the nozzles in each of the bands B-1 to
B-4 1s disposed in each of the arrays A-3 to A-S. Fur-
thermore, the same positioned nozzle in each of the
bands B-1 to B-4 is utilized in the same array with each
of the nozzles being a subset.

The bands B-1 to B-4 must be arranged so that the
nozzle in any of the bands is positioned the same dis-
~ tance from the similarly positioned nozzle in the adja-
cent band with this distance being 94 in this example.
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8
Therefore, to obtain this, it is necessary to move the
band B-3 the pitch distance, P. Since P=N7d and
N7r=12, then P=12d. |
Each of the nozzles in the band B-4 1s spaced 94 from
the corresponding nozzle in the band B-1. Therefore, it
1s only necessary to move the bands B-2 and B-3. When

the band B-3 is moved a distance of P, each of the noz-
zles in the band B-3 will be spaced 94 from the corre-
sponding nozzle in the band B-4. When the band B-2 1s

moved a distance of 2P, each of the nozzles in the band
B-2 will be disposed a distance of 94 from the corre-
sponding nozzle in the band B-3.

Accordingly, if the bands B-1 to B-4 are arranged as
shown with the nozzle in each of the bands being spaced
94 from the corresponding nozzle in the adjacent band,
one of the nozzles is taken from each of the bands B-1 to
B-4 to form one of the arrays. Therefore, each of the
nozzles N-25, N-34, N-31, and N-28 forms a separate
subset. These four subsets are utilized to form the array
A-3.

Each of the nozzles N-26, N-35, N-32, and N-29-
forms a separate subset. Each of these subsets is dis-
posed the same arbitrary distance in the print pass direc-
tion from the subsets forming the array A-3 to form the
array A-4.

Each of the nozzles N-27, N-36, N-33, and N-30
forms a separate subset. Each of these subsets 1s dis-
posed the same arbitrary distance in the print pass direc-
tion from the subsets forming the array A-3; this 1s a
different distance than the subsets forming the array
A-4 are disposed from the array A-3.

Therefore, each of the arrays A-3 to A-5 contains
four subsets. This arrangement will produce interlacing
of the printed lines.

In the example of FIG. §, the number of nozzles
selected and the spacing prescribed between nozzles
produced an arrangement of multiple arrays with uni-
form spacings between the nozzles. The method of this
invention can just as readily produce multiple arrays
with non-uniform spacing between nozzles as will be
described hereinafter in FIGS. 6 and 7. The particular
constraints under which multiple arrays of uniformly
spaced nozzles will interlace are taught in the aforesaid
Fox et al patent. The aforesaid Fox et al patent does not
teach a method whereby any number of nozzles with a
given predetermined minimum requirement as to spac-
ing between nozzles may be arranged 1n multiple arrays
to interlace. A particular example showing how the
method arranges a nonconstrained number of nozzles to
interlace 1s shown 1n FIG. 6.

FIG. 6 shows eight of the nozzles 17, identified as
N-37 to N-44, arranged in a single line in the indexing
direction with each of the nozzles having its center
spaced a distance of d from the center of an adjacent
nozzle. The nozzles N-37 to N-44 are divided into three
bands B-5, B-6, and B-7. The nozzles N-37 and N-38
form the band B-5, the band B-6 comprises the nozzles
N-39, N-40, and N-41, and the nozzles N-42, N-43, and
N-44 form the band B-7. Thus, the bands B-5, B-6, and
B-7 do not comprise the same number of the nozzles
N-37 to N-44 in each of the bands as do the bands B-1 to
B-4 in the modification of FIG. 3.

The nozzle N-38 of the band B-5, the nozzle N-41 of
the band B-6, and the nozzle N-44 of the band B-7 form
an array A-6. Therefore, each of the nozzles N-38,
N-41, and N-44 forms a separate subset.

Each of the nozzles N-37, N-39, and N-43 forms a
separate subset. Each of these subsets 1s disposed the
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same arbitrary distance in the print pass direction from
the subsets forming the array A-6 to form an array A-7.

'Each of the nozzles N-40 and N-42 forms a separate
subset. Each of these subsets is disposed the same arbi-
trary distance in the print pass direction from the subset
forming the array A-6 to form the array A-8; this is a
different distance than the subsets formmg the array
A-7 are disposed from the array A-6.

Each of the arrays A-6 to A-8 does not have the same
‘number of nozzles therein. Furthermore, the arrays A-6
to A-8 do not have the same positioned nozzle in each of

the bands B-5 to B-7 therein. However, the arrangement

of FIG. 6 will produce interlacing of the printed lines.

While the modification of FIG. 5 has disclosed ar-
ranging the bands B-1 to B-4 in the indexing direction
prior to any shifting of the nozzles into the arrays, it
should be understood that the nozzles could be shifted
in the print pass direction initially and then shifted in the
indexing direction with each of the nozzles in the same

band being shifted the same distance in the indexing
- direction.

Whiie the bands B-1 to B-4 of the modification of
FIG. 5 have been described as having the same number
of nozzles in each of the bands, it should be understood
that such is not necessary if the nozzles are initially
shifted in the print pass direction. When the number of
the nozzles in each of the bands is not the same as shown
in FIG. 6, then each of the nozzles in the same band
would not necessarily be shifted the same distance in the
indexing direction and the same positioned nozzle in
each of the bands would not necessarily be shifted the
same distance in the print pass direction.

Therefore, when dividing the nozzles into bands, it is
not necessary that shifting of the band in the indexing
direction occurs initially or that there necessarily be any
shifting in the indexing direction but any shifting in the
indexing direction must be the pitch distance or a multi-
ple thereof. It also is not necessary that all the nozzles in
any of the bands be shifted in the indexing direction. It
further is not necessary that each of the bands have the
same number of nozzles therein, but each band must
contain successive nozzles in the standard array.

While the starting point for the method of selecting
nozzle positions to produce interlacing has been the
standard array with the nozzles spaced the distance d
apart in the indexing direction, this is not the only start-
ing point from which the method of the invention may
begin. It is only necessary that the initial array of the
nozzles be arranged to interlace. The simplest configu-
ration is, of course, the standard array with all the noz-
zles a distance d apart.

For example, in FIG. 7, there are shown four of the
nozzles 17, identified as N-45 to N-48, arranged in a
single line in the indexing direction and having their
centers spaced the distance d apart to form a standard
array with each of the nozzles N-45 to N-48 forming a
separate subset. To obtain more spacing between the
nozzles, the nozzle N-46 could be moved in the pass
direction and the nozzle N-47 could be moved the pitch
distance, 44, in the indexing direction. This would form
arrays A-9 and A-10 as shown in FIG. 7. |

Alternatively, the nozzies N-45 to N-48 in the stan-
dard array might be arranged in a single array A-11 to
interlace. The single array A-11 is formed by moving
each of the nozzles N-46 and N-48 the pltch distance,
44, in the indexing direction. | |

The number of various interlacing arrays that can be
formed is infinite. It is only necessary to move the noz-
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10
zles 1n at least one of the pass direction and the pitch
distance or a multiple of the pitch distance in the index-
ing direction.

Following the same procedure, any interlacing array
or arrays may be changed to another interlacing array.
For example, the arrays A-9 and A-10 could be con-
verted to the array A-11 as follows. The nozzle N-46 in
the_array A-10 would be moved in the pass direction
until 1t was aligned in the indexing direction with the
nozzles N-45, N-47, and N-48. Then, the nozzles N-46
and N-48 would be moved down the pitch distance in
the indexing direction. Finally, the nozzle N-47 would
be moved up the pitch distance in the indexing direc-
tion. The result would be the array A-11. Thus, any
indexing array or arrays may be changed into another
array or arrays that will interlace by following the in-
ventive procedure. -

From the foregoing, it is readily observed that inter-
lacing of ink jet streams is obtainable with any number
of nozzles and any number of arrays with any spacing
therebetween. It is only necessary that the nozzles ini-
tially be arranged in a selected interlacing arrangement,
which is preferably with the nozzles spaced the distance
between the centers of adjacent printed lines in the
indexing direction. After arranging the nozzles in the
selected interlacing arrangement, any movement of the
nozzle in the indexing direction must be a pitch distance

or a multiple thereof and any movement in the pass

direction must be a distance greater than the required
minimum spacing between the nozzles.

While the present invention has shown and described
an 1nk jet apparatus as being the recording apparatus
and the ink jet nozzles being the recording elements, it
should be understood that the present invention may be
readily utilized with other types of recording and scan-
ning apparatuses. For example, the present invention
could be utilized with thermal printing, a wire printer,
magnetic recording on a magnetic medium, or optical
scanners.

While the present invention has shown and described
the nozzles as being arranged for use with the recording
medium 22 being flat, it should be understood that the
support 23 for supporting the recording medium 22
could be a drum so that the recording medium 22 would
be curved. When using a drum, the nozzles can be ad-
vanced either continuously as the drum is rotating or
mtermittently at the completion of each revolution of
the drum.

It should be understood that the relative movement
between the nozzles 17 and the recording medium 22 in
the print pass and indexing directions may be accom-
plished by any well known means. One suitable example
of such means is shown and described in the aforesaid
Fox et al patent.

It should be understood that the term “array” is used
in the claims to include all of the nozzles 17 arranged in
any single line in the indexing direction. This is so
shown in FIGS. 2, 4, 5, and 7, for example.

An advantage of this invention is that printing of
abutting lines can be obtained in which the centers of
the abutting lines are closer together than the spacing of
the centers of the ink jet nozzles producing the printing.
Another advantage of this invention is that full cover-
age of a page by abutting lines can be obtained with the
ink jet nozzles arranged with spacing other than the

spacing of the center to center distances of the abutting
lines.
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While the mvention has been particularly shown and
described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art
that the foregoing and other changes in form and details
may be made therein without departing from the spirit 5
and scope of the invention. |

What is claimed is:

1. A scanning apparatus including:

a medium to be scanned; |

an array of a plurality of scannlng elements for scan- 10

ning said medium, said scanning elements being
arranged in a single line in the indexing direction;
said scanning elements being spaced non-uniform
distances from each other in the indexing direction;
one of said medium and said array having relative 15
movement with respect to the other in a pass direc-
tion perpendicular to the indexing direction to
cause scanning of substantially parallel lines on said
medium;
one of said medium and said array having relative 20
movement with respect to the other in the indexing
direction so that each relative movement of said
scanning elements and saild medium in the pass
direction starts a pitch distance from the prior start,
the pitch distance being equal to the product of the 25
total number of said scanning elements and the
distance between the centers of two adjacent paral-
lel lines on said medium; and

said scanning elements being spaced from each other
a distance greater than the distance between the 30
centers of two adjacent parallel lines on said me-
dium while still obtaining scanning of each of the
parallel lines on said medium during a plurality of
passes in the pass direction.

2. A scanning apparatus including;: 35

a medium to be scanned;

a plurality of scanning elements;

a plurality of arrays of said scanning elements for

scanning sald medium, each of said arrays having
all of said scanning elements therein arranged in a 40
single line in an indexing direction;

one of said medium and said arrays having relative

“movement with respect to the other 1n a pass direc-
tion perpendicular to the indexing direction to

cause scanning of substantially parallel lines on said 45

medium;

one of said medium and said arrays having relative
‘movement with respect to the other in the indexing
direction so that each relative movement of said
scanning elements and saild medium in the pass 50
direction starts a pitch distance in the indexing
direction from the prior start, the pitch distance
being equal to the product of the total number of
said scanning elements and the distance between
the centers of two adjacent parallel lines on said 55
medium;

at least one of said arrays of said scanning elements
including a plurality of said scanning elements;

at least one of said arrays having said scanning ele-
ments non-uniformly spaced from each other in the 60
indexing direction; and

each of .said arrays having said scanning elements
therein spaced from each other a distance greater
than the distance between the centers of two adja-
cent parallel lines on said medium while still ob- 65
taining scanning of each of the parallel lines on said
medium during a plurality of passes in the pass
direction.

12

3. A scanning apparatus including:

a medium to be scanned;

a plurality of scanning elements;

at least one array of said scanning elements for scan-
ning said medium, each of said arrays having all of
said scanmng elements therein arranged in a smgle
line in an indexing direction;

one of said medium and said arrays having relative
movement with respect to the other in a pass direc-
tion perpendicular to the indexing direction to
cause scanning of substantially parallel lines on said
medium; | |

one of said medium and said arrays having relative
movement with respect to the other in the indexing
direction so that each relative movement of said
scanning elements and said medium in the pass
direction starts a pitch distance in the indexing
direction from the prior start, the pitch distance
being equal to the product of the total number of
said scanning elements and the distance between
the centers of two adjacent parallel lines on sald '
medium; |

at least one of said arrays 1nclud1ng a plurallty of said
'scanning elements; |

one of said arrays being dlsposed at a seleeted pOsi-
tion;

each of sald scanning elements having its center dis-
posed at a selected position in the indexing direc-
tion in accordance with its position In an initial

- selected interlacing arrangement of said scanning
elements, the selected position of each of said scan-
ning elements being only one of its position in the
initial selected interlacing arrangement, a pitch
distance in the indexing direction from its position
in the initial selected interlacing arrangement, and
a multiple of the pitch distance in the indexing
direction from its position in the initial selected
interlacing arrangement, at least one of said scan-
‘ning elements having its center disposed a pitch
distance or a multiple thereof in the indexing direc-
tton from 1ts position in the initial selected interiac-
ing arrangement

said scanning elements in any of said arrays having

their centers spaced from each other in the index-
ing direction a distance greater. than the distance
between the centers of adjacent parallel lines; and

any remaining array of said arrays being disposed
relative to said one array an arbitrary distance in
the pass-direction greater than the minimum spac-
ing required between scanning elements.

4. The apparatus according to elalm 3 including:

a plurality of arrays; and |

at least one of said arrays having said scanning ele-
ments spaced from each other a non-uniform dis-
tance in the indexing direction.

- 5. The apparatus according to claim 4 including:

each of said arrays of said scanning elements includ-
ing at least one subset of said scanning elements;

each of said subsets. 1nclud1ng at least one of said
scanning elements;

at least one of said subsets in one of said arrays com-
prising a plurality of said scanning elements; and

each of said scanning elements in at least said one

- subset being spaced the pitch distance or a multiple
thereof in the indexing direction from its position in
the initial selected interlacing arrangement.

- 6. The apparatus according to claim 3 1nclud1ng only
sald one array. |
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1. The apparatus according to claim 3 including a
plurality of arrays.

8. The apparatus according to claim 3 in which the
initial selected interlacing arrangement was a single line
~ of said scanning elements in the indexing direction with

“the centers of said scanning elements being spaced the
distance between the centers of adjacent parallel lines
on said medium.
9. An ink jet printing apparatus including:
a recording medium;
at least one array of ink jet nozzles for directing pres-
surized ink streams to said recording medium, said
nozzles and said recording medium having relative
movement in a print pass direction to cause print-
ing of a line from each of said nozzles on said re-
cording medium;
one of said recording medium and said arrays having
relative movement with respect to the other in an
indexing direction so that each relative movement
of said nozzles and said recording medium in the
print pass direction starts a pitch distance in the
indexing direction from the prior start, the pitch
distance being equal to the product of the total
number of said nozzles and the distance between
the centers of two adjacent abutting printed lines;

at least one of said arrays including a plurality of said
nozzles;

one of said arrays being disposed at a selected posi-

tion;

each of said nozzles having its center disposed at a

selected position in the indexing direction in accor-
dance with its position in an initial selected inter-
lacing arrangement of said nozzles, the selected
position of each of said nozzles being only one of its
position in the initial selected interlacing arrange-
ment, a pitch distance in the indexing direction
from its position in the initial selected interlacing
arrangement, and a multiple of the pitch distance in
the indexing direction from its position in the initial

10

15

20

235

30

35

selected interlacing arrangement, at least one of 40

45

>0

35

60

65

4,232,324

14

sald nozzles having its center disposed a pitch dis-
tance or a multiple thereof in the indexing direction

trom 1its position in the initial selected interlacing
arrangement;

sald nozzles in any of said arrays having their centers

spaced from each other in the indexing direction a
distance greater than the distance between the
. centers of adjacent abutting printed lines; and
any remaining array of said arrays being disposed
relative to said one array an arbitrary distance in
the print pass direction greater than the minimum
spacing required between nozzles.

10. The apparatus according to claim 9 including:

a plurality of arrays; and

at least one of said arrays having said nozzles spaced

from each other a non-uniform distance in the in-
dexing direction.

11. The apparatus according to claim 10 including:

each of said arrays of said nozzles including at least

one subset of said nozzles:

each of said subsets including at least one of said

nozzles: |

at least one of said subsets in one of said arrays com-

prising a plurality of said nozzles; and |

each of said nozzles in at least said one subset being

spaced the pitch distance or a multiple thereof in
the indexing direction from its position in the initial
selected interlacing arrangement.

12. The apparatus according to claim 9 including:

only said one array. |

13. The apparatus according to claim 12 including a
plurality of arrays.

14. The apparatus according to claim 9 in which the
initial selected interlacing arrangement was a single line
of said nozzles in the indexing direction with the centers
of said nozzles being spaced the distance between the

centers of adjacent abutting parallel lines on said me-

dium.
X % %k % %
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